A new class of X-ray binaries has been recently discovered by the high energy observatory, IN-TEGRAL. It is composed of intrinsically obscured supergiant high mass X-ray binaries, unveiled by means of multi-wavelength X-ray, optical, near-and mid-infrared observations, in particular photometric and spectroscopic observations using ESO facilities. However the fundamental questions about these intriguing sources, namely their formation, evolution, and the nature of their environment, are still unsolved. Among them, IGR J16318−4848 -a compact object orbiting around a supergiant B[e] star -seems to be one of the most extraordinary celestial sources of our Galaxy. We present here new ESO/VLT VISIR mid-infrared (MIR) spectroscopic observations of this source a . First, line diagnostics allow us to confirm the presence of absorbing material (dust and cold gas) enshrouding the whole binary system, and to characterise the nature of this material. Second, by fitting broadband near to mid-infrared Spectral Energy Distribution -including ESO NTT/SofI, VLT/VISIR and Spitzer data -with a phenomenological model for sgB[e] stars, we show that the star is surrounded by an irradiated rim heated to a temperature of ∼ 3800 − 5500 K, along with a viscous disk component at an inner temperature of ∼ 750 K. VISIR data allow us to exclude the spherical geometry for the dust component. This detailed study will allow us in the future to get better constraints on the formation and evolution of such rare and short-living high mass X-ray binary systems in our Galaxy.
INTRODUCTION
The high energy INTEGRAL (INTErnational GammaRay Astrophysics Laboratory) observatory, observing in the 20 keV−8 MeV range, has performed a detailed survey of the Galactic plane, and the ISGRI detector on the IBIS imager has discovered many new sources, most of them reported in Bird et al. (2010) . Many of them are concentrated in a direction tangent to the Norma arm of the Galaxy (see e.g. Tomsick et al. 2004; Chaty et al. 2008) , rich in star forming regions. The most important result of the INTEGRAL observatory to date is the discovery of many new high energy sources exhibiting common characteristics which, previously, had rarely been seen. Most of them are High Mass X-ray Binaries (HMXBs) hosting a neutron star orbiting a supergiant O/B companion star. Some of the new sources are very obscured, exhibiting huge intrinsic and local extinction (see e.g. Chaty 2011) . Certainly one of the most extraordinary examples among the obscured high energy sources is the extremely absorbed source IGR J16318−4848 (see Filliatre & Chaty 2004 sation of 2 ′ (Courvoisier et al. 2003) . ToO observations were then triggered with XMM-Newton, allowing a more accurate localisation (RA=16:31:48.6; Dec=-48:49:00) at 4
′′ . XMM-Newton observations showed that the source was exhibiting a strong column density of N H ∼ 2 × 10 24 cm −2 (Matt & Guainazzi 2003; Walter et al. 2003) . The flux was highly variable (by a factor of 20), with an usual time lapse of 10 hours between flares, and 2 to 3 days of recurrent inactivity. The lines and continuum were varying on a 1000 s timescale, used to derive the size of the emitting region to be smaller than 3 × 10 13 cm. These X-ray properties, signature of wind accretion, were reminiscent of other peculiar high energy sources, such as XTE J0421+560/CI Cam and GX 301-2 (Revnivtsev 2003 ).
Optical and near-infrared observations of IGR J16318−4848
The accurate XMM-Newton localisation of IGR J16318−4848 allowed Filliatre & Chaty (2004) to trigger ToO photometric and spectroscopic observations in optical and near-infrared (NIR) just after the detection of the source, and to discover the counterpart at NIR wavelengths. The first striking fact was the extreme brightness of its NIR counterpart, with magnitudes J = 10.33 ± 0.14, H = 8.33 ± 0.10 and K s = 7.19 ± 0.05. The second surprising fact was its absorption. The optical/NIR counterpart was exhibiting an unusually strong intrinsic absorption in the optical V-band of A V = 17.4mags, much stronger than the absorption along the line of sight exhibited by neighbouring objects (A V = 11.4mags), but still 100 times lower than the absorption in X-rays. This led Filliatre & Chaty (2004) to suggest that the material absorbing in the X-rays had to be concentrated around the compact object, while the material absorbing in optical/NIR would extend around the whole binary system.
The NIR spectroscopy in the 0.95 − 2.5µm domain revealed the third amazing fact: the high energy source exhibits an unusual NIR spectrum, very rich in many strong emission lines. The study of these lines showed that they originated from different media (exhibiting various densities and temperatures), suggesting the presence in this high energy source of a highly complex and stratified circumstellar environment, and also the presence of an envelope and a wind. Only luminous post main sequence stars show such extreme environments, the companion star being most likely a sgB[e] star, therefore making IGR J16318−4848 an HMXB. As in X-rays, the NIR characteristics are also reminiscent of the other peculiar high energy source XTE J0421+560/CI Cam, for which IRAS 12-100µm data suggested the existence of a substantial circumstellar dust shell (Belloni et al. 1999; Clark et al. 1999) .
By fitting a black body representing the companion star in the multi-wavelength Spectral Energy Distribution (SED) of this source, Filliatre & Chaty (2004) derived the following parameters:
−10 , where L, T, M, r and D are the companion star luminosity, photosphere temperature, mass, radius and distance, respectively. These parameters imply a high luminosity, high temperature, and high mass star, therefore likely a supergiant, located between 1 and 6 kpc. The NIR photometry, spectroscopy and SED fitting all led to the same results. Finally, by locating these parameters on a Hertzsprung-Russel (or temperature-luminosity) diagram, one can see that this companion star is located at the edge of the blue supergiant domain, indicating that we are facing an extreme object even among blue supergiant stars (see e.g. Lamers et al. 1998 ).
Previous mid-infrared observations of IGR J16318−4848
However, the cause of its unusually strong absorption could not be unveiled by observations in the optical/NIR domain, and only mid-infrared (MIR) data would allow us to characterise the nature of this absorbing material, and determine whether it was made of cold gas, dust, or anything else. Rahoui et al. (2008) obtained MIR photometric observations (8−19µm) with VISIR on VLT/UT3 of IGR J16318−4848. They built the optical to MIR SED by putting together photometric data from ESO NTT/SofI, VISIR and Spitzer (GLIMPSE survey). Since data could not be fitted with only the spectral stellar type of a hot luminous sgB[e] star, they added to a model of the companion star (taking usual parameters of a sgB[e]) a simple spherical dust component. They then derived the following parameters: companion star temperature T ⋆ = 22000 K and radius R ⋆ = 20.4 R ⊙ = 15 × 10 6 km, and dust component temperature T dust = 1000 K and radius R dust = 10 R ⋆ = 150 × 10 6 km. The derived absorption and distance were A V = 17mags and D = 1.6 kpc respectively, with a fit χ 2 /dof of 6.6/6 ). The most important result was therefore that they needed an extra component in order to satisfyingly fit the data, whose extension suggested that it was enshrouding the whole binary system, as a cocoon of dust would likely do.
Archival MIR observations taken from the Spitzer GLIMPSE survey confirmed the existence of a longwavelength (λ ≥ 4µm) excess in this source (Kaplan et al. 2006) . These authors fit the excess with a black body component of temperature ∼ 500 − 1500 K and radius ∼ 10 R ⋆ , consistent with warm circumstellar dust emission (similarly to the XTE J0421+560/CI Cam system, Belloni et al. 1999) , and they suggested that this dust could be the cause of the X-ray absorption. However their data could not constrain the properties of the dust (total mass, temperature and density distribution). Subsequent Spitzer -IRS MIR spectroscopic observations by Moon et al. (2007) confirmed the presence of a hot (T>700K) circumstellar dust, and also suggested the presence of a warm (T∼190K) dust component, which appeared necessary to get satisfying fits.
Before speculating more on the nature and characteristics of this highly absorbed supergiant X-ray binary, we first need to better characterise the nature and origin of this surrounding dust/cold gas component. This is why we performed MIR spectroscopic observations of this object with VISIR on VLT, currently the most adequate instrument available to perform sensitive MIR spectroscopic observations in the 7-14 µm domain, with two primary goals:
• to detect emission lines, in order to determine the composition, density and temperature of the absorbing material.
• to perform accurate broadband NIR-MIR SED fitting of the stellar and dust component continuum emission of the enshrouded binary system, in order to constrain the temperature, geometry, extension around the system, the nature and composition of the dust component and absorbing material.
OBSERVATIONS AND DATA REDUCTION
MIR photometric and spectroscopic observations of IGR J16318−4848 were carried out on 2007 July 12−13 using VISIR (Lagage et al. 2004) , the ESO/VLT MIR instrument, composed of an imager and a long slitspectrometer covering several filters in N and Q bands and mounted on Unit 3 ("Melipal") of the VLT. The standard "chopping and nodding" MIR observational technique was used to suppress the background dominating at these wavelengths. Secondary mirror-chopping was performed in the North-South direction with an amplitude of 16
′′ at a frequency of 0.25 Hz. The nodding technique, needed to compensate for chopping residuals, was chosen as parallel to the chopping and applied using primary mirror offsets of 16 ′′ . Because of the high thermal MIR background for ground-based observations, the detector integration time was set to 16 ms.
Raw data were reduced using the dedicated IDL reduction package 3 . The elementary images are co-added in real-time to obtain chopping-corrected data, then the different nodding positions were combined to form the final image. The VISIR detector is affected by stripes randomly triggered by some abnormal high-gain pixels. A dedicated destriping method was developed to suppress them 2 .
2.1. VISIR Photometry VISIR broadband photometry was performed in six broad and seven narrow filters, whose characteristics are given in Table 1 . Each time we used the small field of view in all bands (19.
′′ 2 × 19. ′′ 2 and 0. ′′ 075/pixel plate scale). All the observations were bracketed with observations of standard stars (Cohen et al. 1999 ) for flux calibration and PSF determination. We measured the instrumental fluxes and corresponding uncertainties using aperture photometry. They were then converted to physical fluxes using the conversion factors derived from standard stars observations. Results on the photometry are reported in Table 1 . Finally, according to the ESO manual 4 , systematic uncertainties of VISIR photometric data are of the order of 10% in PAH1 and PAH2, and 20% in Q2.
VISIR Spectroscopy
We also performed VISIR low-resolution spectroscopy (R = λ ∆λ ≈ 350) of IGR J16318−4848, from 7.1 to 13.46µm split in five filters of the N-band, centered at 8. 1, 8.8, 9.8, 11.4 and 12.4µm . Exposure times were equal to 1 hour for the first filter and 2 hours for all the others, and we reached S/N from about 17 to 56. During the same night and in the same conditions, we also observed the standard star HD 149447 (Cohen et al. 1999 ), a K6 III giant. Extraction of the spectra, wavelength calibration, telluric lines correction, and flux calibration were then carried out using the IDL reduction package mentioned above. In addition, in order to accurately flux calibrate the spectra, they have been scaled to match the VISIR PAH2 photometric flux. The VISIR MIR broadband spectrum is shown in Figure 1 Table 2 .
Archival data
With the aim of SED fitting, we completed our set of VISIR data with already published (1) ESO NTT/SofI NIR (Filliatre & Chaty 2004 ) and (2) Spitzer /IRS MIR (Moon et al. 2007 ) low-resolution spectra. We have reanalysed and recalibrated both spectra:
(1) The IGR J16318−4848 and HiP 80456 (F5V) telluric standard SofI spectra, covering the spectral range 0.9 to 2.5µm, were reduced with the IRAF suite by performing crosstalk correction, flatfielding, sky subtraction, and bad pixel correction. The spectra were then extracted, wavelength calibrated with a xenon arc taken with the same setup, and finally combined. The telluric features were corrected with the telluric task. The result was then multiplied by an F5V synthetic spectrum downloaded from the ESO website 5 , scaled to the 2MASS magnitudes of HiP 80456 in the H and K filters. The final IGR J16318−4848 SofI spectrum is therefore flux calibrated with about 5% uncertainties on the continuum level.
(2) We used the SL2 (5.20 − 7.70µm), SL1 (7.40 − 14.50µm), LL2 (14.00 − 21.30µm), and LL1 (19.50 − 38.00µm) low-resolution Spitzer spectra of IGR J16318−4848. Basic Calibration Data (BCD) were reduced following the standard procedure given in the IRS Data Handbook 6 . The basic steps were bad pixel correction with IRSCLEAN v1.9, sky subtraction, as well as extraction and calibration (wavelength and flux) of the spectra − with the Spectroscopic Modeling Analysis and Reduction Tool software SMART v8.1.2 − for each nodding position. Spectra were then nod-averaged to improve the S/N ratio.
The broadband NIR to MIR ESO NTT/SofI, VISIR and Spitzer spectra are shown in Figure 5 .
Absorption on the line-of-sight and dereddening
The VISIR spectrum of IGR J16318−4848 shows a strong absorption feature, around 9.7µm, most likely due to silicate dust in the interstellar medium (ISM) along the line-of-sight. As described in Section 1, several consistent measurements of the visible extinction A V are found in the literature, most of them derived from SED fitting, and all give values between 17 and 19mags (Filliatre & Chaty 2004; Moon et al. 2007; Rahoui et al. 2008) . The silicate absorption feature due to diffuse ISM is strongly correlated to the optical extinction following the relation A V = (18.5 ± 2) × τ 9.7 (Draine 2003) , where τ 9.7 is the optical depth of the silicate absorption at 9.70µm. It is therefore possible to derive it from the VISIR spectrum. Following Chiar et al. (2007) , we took τ 9.7 = −ln(F 9.7 /F continuum ), where F 9.7 and F continuum are the source and continuum fluxes at 9.70µm respectively. The continuum was fitted using both ranges 5.20 − 7.00µm and 13.00 − 14.50µm (in order to exclude the contribution of the silicate absorption feature) with a second order polynomial. We point out that this method is strongly uncertain, especially concerning the continuum fitting, and the result should therefore be considered with caution. We nevertheless derive A V = 18.3 ± 0.4mags, in agreement with the previous determinations.
We used this value to deredden the spectra with the extinction laws given in Chiar & Tielens (2006) . In their paper, these authors derived the A λ /A K ratio rather than the usual A λ /A V one. To express the extinction ratio in a standard way, we assigned to A K the value derived from the law for the diffuse ISM (R V = 3.1, Fitzpatrick 1999): A K = 0.111 × A V . Moreover, these authors find that beyond 8µm, the MIR extinction and silicate absorption features are best described by two methods, using: 1) the diffuse ISM (which stops at 27µm), and 2) the Galactic center. We used both cases to deredden our spectra of IGR J16318−4848, however the Galactic center case clearly overestimates the silicate absorption depth. We therefore adopt the corrections based on the extinction due to the diffuse ISM.
RESULTS

Photometry
We first compare in Table 1 IGR J16318−4848 MIR photometric fluxes with our two previous VISIR observations , to see whether there is variability in the MIR emission of this source. By examining these values, it appears that there exists a small variation of the fluxes: (< 2σ) . Considering the systematic uncertainties given in Section 2.1, we consider in this paper that these variations are within the error range and that the source remains at a stable flux. We accordingly use this photometry to better calibrate the spectra, as described in Section 2.2 and shown in Figure 5 , in order to accurately compute fits of IGR J16318−4848 SED. Future additional photometric observations should allow us to better constrain the potential flux variability on a long timescale.
Spectroscopy
With the spectroscopic observations, we first confirm the extremely rich and complicated MIR environment of the source already reported by Moon et al. (2007) , however we detect many more emission lines in our MIR spectra obtained with the VISIR instrument. In these spectra, presented in Figures 1, 2 , 3, 4 and also 5, we clearly see the following lines, reported in detail in Table  2: • the broad and prominent silicate absorption feature around 9.7µm, due to dust component in the interstellar medium (Draine 2003) ;
• numerous H I recombination lines -the most prominent being H I(7-6) at 12.35µm -due to ionized stellar winds;
• many forbidden atomic and ionic fine-structure lines of low ionization potential in emission -
, and tentatively [Co II]-, caused by extended ionized regions of low density;
• many higher ionization He II emission lines;
• and various polycyclic aromatic hydrocarbon (PAH) emission lines, originating from photodissociated regions.
Some lines, especially H and He emission lines, exhibit P Cygni profile. The presence of many forbidden lines of low excitation metals such as [Ni II] indicates that the circumstellar material is geometrically extended, with a large amount of low density gas (Lamers et al. 1998 ). Most of the lines that we report exhibit the same fluxes as in Moon et al. (2007) , apart from H I(16-9) and [Ni II] (fainter by a factor 2) and the [Ne II] 12.8µm line (ten times fainter). In the spectrum of Moon et al. (2007) there is a line at the position of [Ne II] which is much stronger than that in our spectrum, however since their spectral resolution is lower than ours, it is difficult to compare fluxes of these lines. On the other hand, X-ray emission coming from the compact object might photoionize and increase the [Ne II] 12.8µm line flux, and not higher excitation states.
We can use various lines of the MIR domain as indicators of the physical medium state of the source, sensitive to the temperature of the environment, based on the work of Furness et al. (2010) (to our knowledge there is no other line diagnostics that we could use in this MIR domain). Since for most of the lines there is no significant variation, we also use for these diagnostics two additional lines coming from Moon et al. (2007) • The intensity ratio, log(
[N e II] 12.81µm ) = log( 2.02e−21 2.16e−21 ) = −0.029, indicates an effective temperature T eff ∼ 38000 − 40000 K.
• The intensity ratio, log( [N e II] 12.81µm ), taking into account the scattering. If instead we take the value of [Ne II] 12.81µm given in Moon et al. (2007) , and therefore obtained at the same time than [Ne III] 15.56µm, we derive a value of ∼ 35000 − 36000 K.
• The intensity ratio, log( [N e II] 12.81µm ), taking into account the scattering.
• The intensity ratio, log(
7.73e−21 ) = −0.84, is close to the correlation with log(
[N e III] 15.56µm
[N e II] 12.81µm ), taking into account the scattering and uncertainties.
• the log(η < S − N e >) versus log(
[N e II] 12.81µm ) corresponds well to an effective temperature T eff ∼ 38000 K with logU = −1, adopting the same notations than in Furness et al. (2010) , in particular η < S − N e >= ( [N e II] 12.81µm ). As discussed later in Section 4, this ∼ 37000 − 40000 K temperature -higher than a ∼ 20000 K photosphere of a BI star-corresponds to a heated zone surrounding the stellar photosphere. Kaplan et al. (2006) and Rahoui et al. (2008) detected strong NIR and MIR excesses, usual in sgB[e] stars (Lamers et al. 1998) , that they fitted with a ≈ 1000 K spherical black body, likely corresponding to warm circumstellar dust, with an extension of ∼ 10 R ⋆ . Nevertheless, this modeling is too simplistic, for the two following reasons. First because, as shown by Moon et al. (2007) , by fitting the spectral continuum from 5 to 35µm instead of photometric fluxes, a cold ∼ 190 K dust component is needed in addition to the warm one. Second because, if the IGR J16318−4848 companion star is indeed a sgB[e] as shown by Filliatre & Chaty (2004) , the dust responsible for the NIR/MIR excess should thereby be distributed in an equatorial disk-like structure, instead of presenting a spherical geometry (see e.g. Lamers et al. 1998) .
Recently, several improvements have been achieved in the understanding of the emission of intermediatemass stars such as Herbig Ae/Be stars (HAEBE). Besides the star, these systems are known to exhibit an equatorial disk composed of (see Figure 6 ): i. an inner dust-free cavity filled by optically thin gas, ii. a hot and optically thick irradiated rim made of puffed-up hot dust at the sublimation temperature -responsible for the NIR excess-, and iii. a surrounding component of warm dust shell responsible for the MIR excess (see e.g. Dullemond et al. 2001; Monnier et al. 2005 
, and references therein).
This scheme was simplified by Lachaume et al. (2007) , by assuming that the disk was completely flat, with a ring-like rim of constant temperature T rim , located at an inner radius R in and of width H rim (see Figure 6 ). The remaining parts of this disc are located at an inner radius R in + H rim /2, modelled with a radial temperature profile T (R) as given below in Equation 2. In the case of HAEBE, the rim is assumed to be located at the dust sublimation radius, with a temperature of 1500−2000 K, in order to put a constraint on R in . In the case of sgB [e] stars the presence of strong O I emission lines detected in their NIR spectra, as it is the case for IGR J16318−4848 (Filliatre & Chaty 2004) , rather points towards a temperature between ∼ 5000 and 10000 K (Kraus et al. 2007 ). Therefore, since there is no constraint on the disk inner radius R in value, it will be a free parameter, to make the fit more accurate. We adopt the emission model summarised in Equation 2 to fit IGR J16318−4848 SED:
+2
where B is the black body function at the frequency ν, T * , R * and D * the star temperature, radius and distance respectively, and i, T in , R out and q the disk inclination angle, inner region temperature, outer radius and a dimensionless "temperature index" parameter respectively.
T and R are the generic temperature and radius respectively.
We can re-write Eq. 2 using the new variables r * = R * D * , a generic radius r = R √
, and we obtain: 
During the fitting process, we fixed T * = 20000 K (consistent with the temperature of a sgB[e] as derived by Filliatre & Chaty 2004 and considered two cases for the temperature index parameter: q = 0.5 for an irradiated/flaring disk (Chiang & Goldreich 1997) , and q = 0.75 for a viscous disk (Shakura & Sunyaev 1973) .
We first fit the data using the flaring disk model, however in each case but one (reported in Table 3 ), T rim is found to be lower than the inner dusty disk temperature T in , and we can not obtain any constraint on a parameter set corresponding to high T rim . This result does not appear physical since it is not consistent with sgB[e] characteristics, and it likely means that the flaring disk model is not adapted for a sgB[e] star.
We then fit the data using the viscous disk model, and the best fit is obtained for an irradiated rim of temperature T rim = 3786 K, along with a hot dusty viscous disk component at T in = 767 K. The derived best-fit parameters are listed in Table 3 , and the broadband NIR to MIR resulting fit on ESO NTT/SofI, VISIR and Spitzer data is reported in Figure 7 .
However, since this value seems quite low for a sgB[e] star exhibiting O I emission lines (see above), we tried various additional fits by freezing reasonable T rim going from 4000 to 6000 K. For T rim higher than 5963 K, the stellar contribution is not necessary anymore, which is very likely unreal, since we clearly see its contribution in the NIR domain. We also point out that all the fits with T rim between 3786 K and 5500 K pass through the I band data point (taking into account the error bar), which is not the case for T rim higher than this. This is another argument in favour of T rim in this range. For these cases, the most satisfying fit seems to be reached for an irradiated rim of temperature T rim ∼ 5500 K, along with a hot dusty viscous disk component at T in = 895 K. The derived parameters are listed in Table 3 , and the broadband NIR to MIR resulting fit on ESO NTT/SofI, VISIR and Spitzer data is represented in Figure 8 .
Finally, we also compare fits using i. SofI-VISIRSpitzer data and ii. SofI-Spitzer data (i.e. without VISIR data). First, by taking components of spherical geometry only, both fits exhibit similar goodness, with SofI-VISIR-Spitzer data fits leading to a slightly smaller reduced χ 2 of 1.29, compared to 1.32 for SofISpitzer data, and best fit dust temperatures of 2668-3108 and 379-412 K for both spherical components respectively (see Tables 3 and 4 at the "2-sphere component" line). In addition to a high value of the reduced χ 2 , it is the temperature of the first spherical component, too high to be consistent with any kind of dust, which tends to exclude the spherical alternative. Second, and this is the most interesting result, by taking components of disk-like geometry, the fit is significantly better with SofI-VISIR-Spitzer data (reduced χ 2 of 1.19 compared to 1.30 for SofI-Spitzer data, with best fit temperatures of 3786 and 767 K for both components respectively), probably due to the fact that more data points are available in this crucial wavelength range. Therefore, while Spitzer -only data do not allow us to distinguish between the two geometries, adding VISIR data lead to a quantitative fit clearly in favour of the disk-like geometry. By excluding the spherical geometry for the irradiated component, VISIR data are thus essential for a better assessment of the dust component geometry surrounding IGR J16318−4848.
DISCUSSION AND PERSPECTIVES
The multi-wavelength observations that we have performed from optical to MIR on the highly absorbed HMXB IGR J16318−4848 hosting a supergiant B[e] star allow us to strengthen the presence of absorbing material (dust and cold gas) enshrouding the whole binary system and better characterise its properties. With these new MIR spectroscopic observations and NIR-MIR ESO NTT/SofI, VISIR and Spitzer spectral fitting we confirm the presence of two-temperature components, with an irradiated rim of temperature T rim = 3786 K, surrounded by a hot dusty viscous disk component at T in = 767 K, corresponding to the best fit parameters (see Table 3 ).
As suggested by Filliatre & Chaty (2004) and then shown by Kaplan et al. (2006) , Moon et al. (2007) and Rahoui et al. (2008) , our MIR spectra and SED fitting confirm the existence of a strong NIR/MIR excess, due to the presence of a hot circumstellar dust component, likely formed in the dense outflows coming from the early-type sgB[e] companion star of IGR J16318−4848. This component has a temperature of T dust ∼ 767 − 923 K, with a maximum extension of r out = 3.55 au/kpc (assuming cos(i) = 1) for R ⋆ / D ⋆ between 5.80 − 11.71 R ⊙ /kpc. Assuming a distance of 1.6 kpc , R ⋆ would be in the range 9.3 − 18.7 R ⊙ , and the extension of the dust equal to r out = 5.6 au, corresponding to 64.3 − 129.8 R ⋆ . This value is larger than the one derived with the spherical shell model, which is consistent with the fact that for the same amount of dust, it will have to be spread on a larger distance if it has a disk rather than shell geometry. In addition, a high value is consistent with a low inclination, as suggested by the Brγ line profile in the NIR spectrum (Filliatre & Chaty 2004) .
On the other hand, in none of our NIR-MIR fits do we require a warm ∼ 190 K dust component that was claimed by Moon et al. (2007) . We suggest that this additional component was necessary in their fits, firstly because they only took into account the Spitzer spectrum without including the NIR spectrum, and secondly because they chose a spherical geometry. By including all available spectra from NIR to MIR, and applying a diskgeometry to our components, our fits are much closer to the physical nature of the environment surrounding these objects, and therefore more accurate and physical.
We will now derive the mass of the dust which is hosted in the viscous disk surrounding the sgB[e] star.
By extrapolating our best-fit spectrum (see Figure 7) , we should have F ν = 0.155 Jy at 60µm. At this wavelength, taking an initial MRN distribution with thin ice mantles (Mathis Rumpl Nordsieck; Mathis et al. 1977) , the ISM dust opacity is κ ν (60µm) ∼ 87 cm 2 /g (Draine 2003 ). We compute the black body function for T in = 767 K, corresponding to the dust inner temperature given by the best fit (see Table 3 ): B(ν, T dust ) = 1.57 × 10 15 Jy. Then, the total dust mass is given by
where F ν = 2 rout rin rB(ν, T (r))dr, with r in and r out corresponding to the inner and outer radii given by the best fit, respectively equal to 0.74 and 3.47 a.u. kpc (cos(i)) (see Table 3 ). We therefore derive a dust mass in the disk of M dust ∼ 5.43 × 10 −9 D ⋆1 kpc 2 M ⊙ , where D ⋆1 kpc is the star distance expressed in kpc. For a distance of 1.6 kpc , we find M dust ∼ 1.39×10
−8 M ⊙ = 2.76 × 10 22 kg. This dust mass is lower than derived by Moon et al. (2007) (3.1 × 10 −8 M ⊙ and 4.6 × 10 −10 M ⊙ for the warm and hot components respectively). This is consistent with the fact that for a same obscuration, a shell geometry will require more material than a disk geometry. This also shows that, unlike in Moon et al. (2007) , our fits do not require any hot component.
There are a few possibilities to explain the low mass of dust composing this stellar disk, compared to e.g. standard giant stars surrounded by disk, where the dust mass in the disk is more of the order of 10 29 g (see e.g. Jura et al. 2001; Jura 2003) : i. the disk might be smaller in sgB[e] stars due to evolution effect, ii. special conditions such as X-ray ionisation might destroy the dust in the disk, and/or iii. the compact object, accreting from the stellar wind, might have an influence on the mass of dust comprised in the disk (since the compact object likely orbits inside the disk, as suggested by the high absorption and the extension of the dust).
The low mass of dust could also be explained by tidal torques created by the star, disk and compact object, and causing the disk to be potentially truncated (Okazaki & Negueruela 2001) , likely at the r in distance. The compact object might orbit within or at the edge of the disk, with a small inclination, quasi-coplanar with the disk, causing the extreme absorption seen in X-rays, probably local around the compact object (see Section 1). In this case the wind accretion would be fully consistent with the disk geometry derived by SED fitting. However it is difficult to conclude on this disk truncation, since the orbital separation is unknown for this system.
All the line ratios reported in Section 3.2 indicate an effective temperature T eff ∼ 35000 − 40000 K. This effective temperature is higher than the temperature of a hot B1 supergiant star, of luminosity between 10 5 and 10 6 L ⊙ . For instance, Filliatre & Chaty (2004) derived a temperature of T = 20250 K by fitting the optical-NIR SED. However we point out that while the NIR spectrum mainly emanates from the stellar photosphere, the MIR spectrum comes from the heated rim and the dusty viscous disk, as is shown by both the broadband and bestfit spectra (see Figures 5 and 7) . Therefore the location where the MIR lines are produced does not correspond to the stellar photosphere, but instead to dense and hot regions protected from the stellar radiation, and probably irradiated by X-ray emission coming from the compact object accreting from the stellar wind. In addition, this X-ray irradiation could explain the variability of a few lines, while most lines exhibit a stable flux.
We used in the computations above a distance of 1.6 kpc as derived by Rahoui et al. (2008) , however this is the value derived with a star dominating at NIR wavelengths, and it is possible to have a star located further away. The best fit gives R ⋆ / D ⋆ = 11.71 R ⊙ /kpc. A distance of 1.5 − 2 kpc gives R ⋆ = 17.6 − 23.4 R ⊙ , corresponding to a typical radius of supergiant star. However, considering the more physical fit with T rim = 5500 K, the best-fit parameter R ⋆ / D ⋆ = 5.80 R ⊙ /kpc requires a distance of 3 − 4 kpc to get a stellar radius corresponding to a supergiant star (see Table 3 ).
In the broadband spectrum we see two additional absorption components, at around 10 and 20µm (see Figure  5) , likely corresponding to silicate absorption. We point out that these components might be due either to an absorption law which is not accurate enough in this MIR domain, or even to auto-absorption of a disk-like system that would be seen nearly edge-on, which in this case would be suggesting a high inclination system.
These observations allowed us to relate the presence of the hot dust component to the nature of the early-type star and to stellar wind photoionization. Indeed, sgB[e] stars usually exhibit hot (T∼1000K) circumstellar dust, and show forbidden line emission in the MIR (see e.g. Lamers et al. 1998) . While the evolutionary status is not well known yet, they will likely evolve into extreme and still poorly known Luminous Blue Variables (LBV) or Wolf-Rayet (WR) stars. MIR spectroscopic characteristics of IGR J16318−4848 appear very similar to those from LBVs, some of them exhibiting also thermal MIR dust emission (Lamers et al. 1996) . If the evolution from sgB[e] to LBV is confirmed, these highly obscured IN-TEGRAL sources might therefore be the progenitors of LBV stars, or WR stars in case of high mass loss, or even dusty wind hypergiant stars. If this is the case, then obscured INTEGRAL sources might represent a previously unknown evolutionary phase of X-ray sources hosting early-type companion stars (see discussion in Moon et al. 2007) .
The question then arises: does the supergiant star influence its close environment, or does the interstellar medium influence the star, by a feedback effect? As dust is a strong tracer of star formation, the next step is to observe these sources with Herschel, since its greatest strength is the possibility to study the history of star formation in our Galaxy. This makes observations of such obscured sources with Herschel an enormously powerful tool, giving a new insight for studying the process of formation and evolution of very massive stars in molecular clouds. These observations should be valuable in the study of the later phases of stellar evolution, particularly circumstellar shells, mass-loss in general, and stellar winds, and they should also allow us to relate the properties of these objects to their birth environment. Higher wavelength observations should also allow us to better constrain the broadband SED and to confirm T rim and T in we derived from our observations. They would likely close the debate on the presence of colder (< 200 K) circumstellar dust component around this source, with an extension at larger radii from the compact object of more than 30 R ⋆ , suggested by Moon et al. (2007) but not confirmed by our observations. Finally, these observations should allow us to investigate where this material comes from, and the study of such an unusual circumstellar environment should in the future tell us whether it is due to stellar evolution or to the binarity of the system itself. • the spectra exhibit many emission lines from various elements, some coming from forbidden atomic and ionic fine-structure lines of low ionization potential. The line diagnostics all point towards a source of temperature between 35000 and 40000 K, likely emanating from a heated zone surrounding the stellar photosphere.
• the multi-wavelength optical to MIR SofI-VISIRSpitzer SED fitting allowed us i. to exclude a spherical geometry for the dust component, and ii. by using a model adapted for sgB[e] stars, to show the presence of two-temperature components, with an irradiated rim of temperature T rim = 3786 K, surrounded by a hot dusty viscous disk component at T in = 767 K, corresponding to the best fit parameters (see Table 3 ). However, the presence of O I lines rather points towards irradiated rim temperatures of ∼ 5500 K, for which we achieved similar goodness of fits.
These results allowed us to strengthen the presence of absorbing material (dust and cold gas) enshrouding the whole binary system of IGR J16318−4848, and better characterise its properties. They are therefore of prime importance to constrain the nature of this system in particular. In addition, they will also allow us to better understand the whole population of new high energy binary systems born with two very massive components, which has been recently revealed by INTEGRAL, these sources being the most extremely absorbed ones among high energy sources. These features are most likely associated with the mass losses of OB supergiants and may play an important role in their evolutions to the final supernova explosion and formation of compact objects. These systems are probably the primary progenitors of neutron star/black hole binary mergers, with the possibility that they are related with short/hard gammaray bursts, and that they might be good candidates of gravitational wave emitters. It therefore appears that, because these obscured X-ray binaries represent a different evolutionary state of X-ray binaries, their study is of prime importance, and will provide hints on the formation and evolution of high energy binary systems, and a better understanding of the evolution of such rare and short-living HMXBs.
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